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Recently, there has been growing concem that microbial health hazards can

be increased by the use of activated carbon ifiters in domestic water systems.
The present study was undertaken to investigate the effect of carbon filters on
the microbial content of water. Results indicated that the microbial content of
ifitered and unfiltered water increased to about the same level on overnight
standing and, in both cases, was reduced by flushing the next day. In addition,
the use of activated carbon for the filtration of contaminated well water over a

period of 11 weeks had no effect on the total or coliform count. Under use

conditions, activated carbon filters were found to have no significant effect on

the number of bacteria present in the water.

Activated carbon has been used for over 15
years as a means of generally improving the
quality ofhousehold drinking water by removing
objectionable tastes and odors as well as dirt,
rust, and sand. During this period of time, it is
estimated that over 500,000 activated carbon
filter units have been installed in private homes.
Yet, there has never been any known public
health problem related to or involving microbial
contamination of such home filter units.

Recently, it has been speculated that micro-
bial buildup in activated carbon filter units could
represent a health hazard (11). In view of the
long-term experience to the contrary, a study
was undertaken of the effect of an activated
carbon filter on the microbial quality of drinking
water. Data were obtained not only from labo-
ratory experiments, but also from filter units
that had been installed in private homes.

(Presented in Atlantic City, N.J., on 5 May
1976 at the Annual Meeting of the American
Society for Microbiology [J. Fiore and R. Babi-
neau, Abstr. Annu. Meet. Am. Soc. Microbiol.
1976, Q39, p. 197].)

MATERIALS AND METIHODS
Collection and treatment of water samples. A

volume of 0.1 ml of 10% (wt/vol) sodium thiosulfate
solution was added to each 125-ml sampling bottle
before sterilization at 1210C for 15 min to provide an
approximate concentration of 10 mg/100 ml of sample
for neutralization of residual chlorine. Water samples
in 100- to 200-ml quantities were obtained from each
filtering unit. Just before making dilutions, the sam-
ples were shaken vigorously 25 times. Tenfold dilu-
tions were then prepared by transferring 10-ml quan-
tities to 90 ml of phosphate-buffered distilled water

(pH 7.2). Pour plates (two replicates per dilution)
were prepared with a 1-ml quantity of each of three
appropriate dilutions and plate count agar (Difco Lab-
oratories, Detroit, Mich.). Plates were incubated at
300C for 48 h. We chose 30 instead of 350C for our
plate count experiments because it has been our ex-
perience that this incubation temperature is more
suitable than 350C for supplying the growth of a wide
variety of water-borne microorganisms.

In certain cases, small numbers of bacteria were
detected by filtering 100 ml of sample through a mem-
brane filter with a pore size of 0.45 um. The membrane
was transferred to a sterile pad saturated with enrich-
ment broth (lauryl tryptose broth) and incubated for
2 h at 300C. The membrane was then transferred to
a fresh pad saturated with plate count broth (Difco)
and incubated for 48 h at 300C.

Bacterial colonies were enumerated and reported
as colony-forming units per milliliter of smple. Bac-
terial isolates were identified with selective differential
media (API-20E; Analytab Products, Inc., Plainview,
N.Y.).

Residual chlorine in water samples was determined
by iodine-thiosulfate titration (1). Chlorine levels in
influent waters ranged from 0 to 1.0 pg/ml, and in
effluent waters chlorine was not detectable.

Presumptive tests for total coliform bacteria were
carried out in lactose broth at 350C for 48 h, using
standard techniques (1). Three primary fermentation
tubes per sample were used. Each tube received a 1-
ml portion of the sample. Portions of medium in those
primary fermentation tubes that contained gas from
bacterial growth were transferred with a loop to bril-
liant green-lactose-bile broth. Incubation was at 350C
for 48 h to confirm the presumptive test. For the 0-,
1-, 3-, 4-, and 11-week samples (see Table 5), repre-
sentative brillant green-lactose-bile cultures that con-
tained gas were inoculated to selective differential
agar media for isolation and identification of bacteria
present in these cultures. EC broth (Baltimore Biolog-
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ical Laboratory, Cockeysville, Md.) was used to deter-
mine if fecal coliforms were present (1), but none were
detected.

Filter type. Throughout these studies, the AMF
Cuno AP 200 filter was used. It contained an AP 217
filter cartridge, which consists of three sections: resin-
bonded cellulose-fiber filter media at the inlet, acti-
vated carbon through the bulk of its body, and, finally,
another resin-bonded cellulose network at the outlet.
This is a dual-purpose filter, which removes objection-
able tastes and odors as well as dirt, rust, and sand.

Estimation of numbers and types of microor-
ganisms in activated carbon from unused filters.
For estimation of numbers and types of microorga-
nisms in activated carbon from unused filters, acti-
vated carbon and filter media samples were aseptically
removed from unused filter units. The most-probable-
number tehnique, as described in the United States
Pharnacopeia (10), was used to determine the total
count of microorganisms. Initial suspensions were pre-
pared with 10 g ofground activated carbon-filter media
mixture added to 90 ml ofpH 7.2 potassium phosphate
buffer. Tubes containing fluid soybean-casein digest
medium were then inoculated as specified (10). Petri
plates containing soybean-casein digest agar and soy-
bean-casein digest agar with 5% (vol/vol) sheep eryth-
rocytes were streaked with inocula from positive most-
probable-number tubes. Organisms were identified by
using selective differential media.

RESULTS
A study of the microbiology of home water

filters should include an examination of the mi-
crobial content of the filter and its media, and
the water before and after filtration. Each of
these factors is considered below.
Microbial content of unused filters. The

results of the most-probable-number tests for
unused activated carbon filters are given in Ta-
ble 1. These filters were considered as new man-
ufacture. No gram-negative bacteria were de-
tected in any of the filters examined. Only gram-
positive spore-forming rods, gram-positive cocci,
and some molds were isolated from the filters
examined in this phase of the study.
Microbial content ofactivated carbon-fil-

tered water. To examine the effect of filtration
on the microbial content of water, studies werd
carried out with filtered water and also with
unfiltered water under laboratory conditions
simulating home usage. This study extends that
of Wallis et al. (11), where samples were exam-
ined for microbial content only in the morning
and not throughout the day.
The present studies were conducted in the

laboratory under completely controlled condi-
tions, using the natural microbial flora existing
in the source water. A manifold system was
constructed (Fig. 1), using three AP 200 units
equipped with AP 217 filter cartridges and one
AP 200 housing with no cartridges. For this

TABLE 1. Evaluation of numbers and types of
microorganisms present in unused activated carbon

filters

Filter Organisms isolated
no.z Types MPNb/g
lc Bacillus sp., gram-positive cocci <0.3
2c Bacillus sp. <0.3
3 Bacillus sp., Trichosporon sp. <0.3
4 Bacillus sp. <0.03
5 Bacillus sp., gram-positive cocci <0.3
6c Bacillus sp., gram-positive cocci <0.3
7C Bacillus sp., gram-positive cocci <0.3
8 Bacillus sp. <0.3
9 Bacillus sp. <0.3
10 Bacillus sp. <0.03

aFilters were manufactured less than 3 months
before these analyses were performed.

b MPN, Most probable number.
c Damaged outer wrapper when received.

particular experiment, the fifth housing shown
in the figure was blanked off. All the units ran
off a single source of city water under a flow of
0.64 liter/unit per min. The system was equipped
with a timing device that allowed for a 2-min-
on and 3-min-off cycle simultaneously in all
units. The sampling procedure was as follows.
In the morning, with the timing device having
been left in the off position overnight, the water
was turned on, and, with the water continuously
running, samples were obtained for each unit at
zero time (first out) and 2, 5, and 10 min. The
timer was then turned on and left on for the
normal working day (8 h), operating at the 2-
min-on and 3-min-off cycle. During this interval,
samples were also taken at 2, 4, 6, and 8 h by
allowing the first 100 ml of the on cycle to pass
and taking the next 200 ml. The timer was then
turned off (after 8 h), and the water flow stopped.
Sampling was then repeated the next day, after
this dormant period of water flow. Plate counts
on all samples were performed as described in
Materials and Methods. Samples were taken for
3 consecutive days (days 8, 9, and 10) after
conditioning the system for 7 days before sam-
pling.

In view of the fact that water use can influence
the total count, it is important that the chosen
rate of water flow is not too high or too low. It
should be typical of nornal household usage.
With the water flow and cycle times noted
above, the flow per unit per hour amounted to
15.14 liters. It is felt that this is more typical of
normal household use for an average family of
four (2, 7) than the substantially lower volumes
used in some of the other studies of this type
(11).
The experimental data are presented in Table
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FIG. 1. Laboratory test system: manifold system used to examine the effect of activated carbon filters on
the microbial content of water.

TABLE 2. Effect of activated carbon on the
microbial content of laboratory water

CFU/ml of sampleb
Unit no.a Time

Day 8 Day 9 Day 10
0 min 3.8 x 104 8.3 x 103 1.6 x 104
2 min 1.8 X 103 2.5 x 102 5.3 x 102
5 min 1.4 x 102 1.2 x 10' 7.4 x 10'
10min 9.9 x 101 1.2 x 101 2.6 x 101
2h 5.8 x 10' 3.6 x 101 1.5 x 101
4 h 7.3 x 10' 4.7 x 10'
6 h 2.1 x 102 1.0 x lo' 2.5 x 10'
8 h 5.1 x lo' 9.0 x 10° 5.6 x 10'

2 0min 5.0 x 104 1.0 x 104 1.8 x 104
2 min 1.4 x 103 5.0 x 102 4.1 x 102
5 min 7.3 x 102 3.5 x 102 2.7 x 102
10 min 7.8 x 102 3.1 x 102 8.6 x 10'
2 h 6.8 x 10' 3.0 x 102
4h 2.7 x 102 5.4 x 10' 5.6 x 10'
6 h 8.5 x 10' 2.3 x 10' 7.1 x 102
8 h 1.5 x 102 1.0 x 102 9.7 x 102

3 0 min 1.2 x 104 2.5 x 104 5.0 x 103
2 min 1.3 x 103 7.3 x 102 1.3 x 103
5min 3.1 x 103 5.5 x 102 1.2 x 102
10 min 1.6 x 102 9.4 x 102 3.8 x 102
2h 2.2 x 102 2.1 x 102 5.9 x 102
4 h 8.0 x 102 1.2 x 102 3.9 x 10'
6h 3.4 x 102 7.8 x 10' 6.7 x 102
8 h 1.8 x 102 7.9 x 10' 1.2 x 103

4 0 min 2.6 x 104 4.0 x 103 1.2 x 103
2 min 1.5 X 103 2.9 x 102 4.1 x 102
5 min 8.4 x 102 6.2 x 102 1.1 x 102

10 min 1.5 x 103 4.3 x 102 9.4 x 10'
2 h 1.9 x 102 3.3 x 102 6.5 x 102
4 h 2.0 x 102 1.4 x 102 2.0 x 10°
6 h 4.0 x 102 4.2 x 10' 3.0 x 102
8 h 1.8 x 102 2.5 x 10' 6.9 x 102

Unit 1 without and units 2 through 4 with the AP 217
cartridge.

b Samples were taken after the manifold had been operating
for 7 days. CFU, Colony-forming units.

2 and indicate the following. (i) With or without
an activated carbon cartridge, the microbiologi-
cal pattem is the same, namely, populations
increase after a period ofdormancy and decrease
during flushing and/or usage of the water. (ii)
After 10 days, unfiltered water contained 1.6 x
10' (O h [morniing sample]), 4.7 x 101 (4 h), and
5.6 x 101 (8 h) bacteria per ml; filtered water
(units 2, 3, and 4) contained no more than 1.8 x
104 (0 h), 5.6 x 101 (4 h), and 1.2 x 103 (8 h)
bacteria per ml, indicating that the microbial
content of filtered and unfiltered water increases
to about the same level on overnight standing
and, in both cases, can be reduced by flushing.
These laboratory results were essentially cor-

roborated when activated carbon filters were
installed in private homes. For these studies,
the filter units were installed by a licensed
plumber. The results of these experiments are
presented in Table 3. Morning samples (100 ml),
after overnight dormancy, were taken after at
least 30 days of routine use; the bacterial counts
were typically in the range of 3.0 x 102 to 3.5 x
104/ml. These values are well within the ranges
reported for the laboratory studies.
During the course of these experiments, the

described installations were also monitored in
such a way as to ascertain the effects of a 2-
min flushing period before resampling for bac-
terial content. The results of one such typical
monitoring after at least 30 days of cartridge
use are recorded in Table 4. Zero-minute sam-
ples were obtained after overnight dormancy. It
can be seen that a reduction of at least about
90% in the microbial content of the water was
achieved in every case.
Effect of activated carbon filtration on
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TABLE 3. Effect of activated carbon on the microbial content ofhome tap water

Approx distance Days after instal- Bacterial population (CFU/ml of sample)'
Unit no. from laboratory Water source lation

(miles)a Influentc Effluentd

1 7 (11.3) Metropolitan 38 1.3 x 102 6.1 x 103
2 20 (32.2) Metropolitan 61 1.5 x 103 3.5 x 104
3 6 (9.7) Metropolitan 47 1.0 x 101 1.5 x 104
4 22 (35.4) Private well 68 2.2 x 103 3.0 x 102
5 14 (22.5) Metropolitan 47 3.0 X 105 3.5 X 104
6 10 (16.1) Metropolitan 55 1.0 x 104 1.9 X 103

a Number in parentheses is approximate equivalent in kilometers.
b Samples were the first 100 ml of water taken from the tap in the morning. CFU, Colony-forming units.
c Unfiltered water.
d Filtered water.

TABLE 4. Effects of2-min flushing on the microbial
content offiltered home tap water

Bacterial population (CFUb/ml of sample)
Unit no.a

0 min 2mnin
1 6.1 x 103 2.3 x 102
2 3.5 X 104 1.2 x 103
3 1.5 x 104 2.5 x 103
4 3.0 x 102 6.0 x 100
5 3.6 x 104 1.4 x 103
6 8.8 x 104 9.5 x 103

a These are the same units shown in Table 3.
b CFU, Colony-forming units.

the coliform content of well water. An ear-
lier study projected that activated carbon filters
may concentrate potentially pathogenic bacteria
from a contaminated water source and allow
them to multiply to a point where they could
cause illness (11). During our studies, it was

discovered that one household (unit 4, Tables 3
and 4) had a water supply that contained coli-
forms but no fecal coliforms. The water was
monitored over an 11-week period, and the re-

sults are presented in Table 5. It is apparent
that the number of bacteria in the first 100 ml
of filtered tap water sampled in the morning did
not vary significantly from the counts found in
unfiltered influent well water throughout the
11-week study. In addition, the numbers of col-
iforms found in both filtered and unfiltered wa-
ter were equivalent and remained so for the 11-
week period. The coliforms did not colonize the
filter system and grow to levels above those
found for the unfiltered water. This finding has
been recently confirmed by similar coliform
studies reported by Johnston et al. (8).

DISCUSSION
The use of activated carbon for over 15 years

to remove taste and odors from home drinking
water has not been associated with any known
microbiological problems. The results presented
in this study indicate that only gram-positive
spore-forming bacilli, gram-positive cocci, and

some molds were isolated from activated carbon
home water treatment filters after manufacture
and before use. No gram-negative bacteria were
detected in any of the unused filters examined.
From a nutritional standpoint, these results are
as expected. Because of the low available water
and lack of usable organic matter, only orga-
nisms that can survive in a dormant form would
be expected to be recovered from this type of
product. Bacillus species, mold spores, and
gram-positive cocci have been known to survive
long periods in a dormant condition, as can occur
in unused filters. Since these organisms are nor-
mal, ubiquitous inhabitants of soil and dust,
their most likely mode of entry is through air-
borne dust as it falls on the filtering material
from the air. This also would explain the rela-
tively low numbers detected by the most-prob-
able-number procedures. These organisms are
generally not considered to be harmful to man.

It is known that the microbial flora of a fin-
ished water at its point of use may include a
large variety of genera and species (6). The use
of activated carbon filters has not been found
to significantly alter this pattern either in types
or numbers, even when the organisms have been
coliforms. Thus, the expectations of other au-
thors (11) that potentially pathogenic bacteria
might multiply to high concentrations in carbon
filters were not substantiated by these experi-
ments. Indeed, the low level of coliforms in the
water that passed through unit 4 (Table 5) re-
mained relatively constant for the entire 11-
week test period. In this regard, a study by
Johnston and Burt (8) revealed that tap water
seeded with coliforms contained less of these
organisms after it was flushed through an acti-
vated carbon filter. They concluded that,
whereas bacteria indigenous to tap water may
survive and multiply in the carbon bed, coliforms
may have been at a competitive disadvantage.
There is little doubt that home water filters

can elevate the microbial content of water. How-
ever, our results show that unfiltered standing
water can also increase in microbial content. In

APPL. ENVIRON. MICROBIOL.
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TABLE 5. Microbiological analysis of well water filtered through activated carbona
Sample Total coliforms (MPN index/ml)d

Weeks after Bacterial popula- Organisms
installation Time Sucee tion (CFUb/ml) identifiedc Psumptive Confuired(min)

0 0 In 2.0X 103 2,6, 7,8 3.3 x 10' 3.3 X 10'
0 Out 8.0X 102 2,6,7 7.9X 10' 7.9X 10-l
2 Out 2.9 X 102 2, 3, 5 1.3 x 100 1.3 x 100

1 0 In 3.8 x 102 5, 6,9 2.4 x 100 2.4 X 10°
0 Out 8.3x 102 2,6,9 5.4 X 100 3.5x 100
2 Out 4.2 x 102 2 7.9X 10' 7.9X 10-l

3 0 In 6.4X 101 ND 2.4 X 100 7.9X 10'
2 In 2.8 X 10' 2, 5 3.5 x 100 1.7 X 100
0 Out 1.7x 102 ND 1.7X 100 1.1 x 10°
2 Out 6.9 x 10' ND 3.5 x 100 3.5 x 100

4 0 In 2.1 x 102 4, 7 7.0 x 10- 7.0 X 10'
2 In 5.6 X 10' 1, 7 2.4 x 100 2.4 X 100
0 Out 3.0 x 101 ND 7.9 x 10-1 4.9 X 10-1
2 Out 2.5 X 101 2 3.3 x 101 3.3 x 10-'

11 0 In 1.4 X 102 ND 7.9 X 10-1 2.3 x 10-1
2 In 5.3 X 101 ND 2.3 x 10-1 2.3 x 101
0 Out 1.4 x 10' ND 7.0 x 101- 2.3 x 10-1
2 Out 1.1 x lo ND 4.9 x 10- <2.0 x 10-2

a Well water samples taken from unit 4 (see Tables 3 and 4).
b CFU, Colony-forming units.
c 1, Aeromonas hydrophilia; 2, Citrobacter freundii; 3, Enterobacter aerogenes; 4, Erwinia sp.; 5, Klebsiella

oxytoca; 6, Klebsiella ozaenae; 7, Klebsiellapneumoniae; 8, Pseudomonas fluorescens; 9, Pseudomonas sp.; ND,
not determined.

d No fecal coliforms detected. MPN, Most probable number.
e In, Unfiltered water; Out, filtered water.

itself, an increase in total microbial content of
potable water, particularly to the levels found
in this study, does not represent even a potential
microbiological problem.
To put the question of total microbial content

into proper perspective, it is well to review this
aspect of some common food products. A good
example of the daily ingestion of high numbers
of viable organisms that are not harmful is the
consumption ofyogurt by people numbering into
the hundreds of thousands. According to Kroger
and Fram (9), a good plain yogurt, which con-
tains Streptococcus thermnophilus and Lactoba-
cillus bulgaricus in a roughly 1:1 ratio, will show
total plate counts of 3 x 107 to 4 x 109/g at day
2 after purchase and will continue to increase
in counts from day 2 to day 10 after purchase,
even under constant refrigeration. Another ex-
ample of a material being consumed on an even
greater scale and allowed under U.S. federal
regulations to contain a total plate count as high
as 2 x 104/ml and a total coliform count of up
to 10/ml is grade A milk. It is apparent that an
elevated total microbial number is not, of itself,
a problem.

It is notable that the Food and Drug Admin-
istration (5) has declined to set standards for
the total number of microorganisms allowable

in bottled water because there is no evidence
that total count is directly related to a potential
microbiological problem. More recently, the En-
vironmental Protection Agency, which had orig-
inally proposed a standard plate count of 5 x
102/ml as one of the primary drinking water
standards (3), eliminated this standard from the
final regulations on the basis that it was "not
justified by the available data," although it still
believes "that the standard plate count is a valid
indicator of bacteriological quality of drinking
water and recommends that it be used in appro-
priate cases in conjunction with coliform tests
as an operational tool" (4).

In conclusion, our data indicate that the acti-
vated carbon home water filters used in these
experiments and not intended for use as micro-
bial filters appear to be microbiologically neutral
devices in that they neither improve nor detract
from the microbial quality of water. In this
study, water supplies that were microbiologi-
cally safe without filtration were microbiologi-
cally safe with filtration.
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